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AnovelsputteringteclmiqucColnbininglhesymmetricmagnetswithcylindrical
cathodehasbeendevelopedtomassproducelligllqUalityoxideandnitridethinfilmson
flexibleplaSticsubstrate・medischargecllaracteristicsofourSputteringcansupply
aboutthlcetimeslargerpOwerefficicnciesthantl]atoftheconventionalmagnCtron
SputteringMoreov飢incontinuousdielectricsputteringexperlments,thesubstrate
temperaturewaskeptlowerthan７０℃・MoreovelbanewARcoatmgMystemof4
1ayeredbycombiningSiO2withSiONthinfilmsOnaflexiblePETsheethasbeen
denlonstratedtllatreflectionoflesstl1anl％isrealizedmwidevisiblewavelengtll
region・InparticulaLsuchthisARcoatingisalsoexcellentmprotectingtllePETslleet
hoInwatervapororoxygenencroaching・IYleinsertionoftlleSiONandSiO2filmsare
effbctiveinimprovingthegasbarrierprOpertics．
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CondensaUonorDoctorThesis
nmnfilmsfhbricatedonthenexibleplasticsubstratehaveattlactedalotofattention
fbrUheirapplicationsmhandhelddevicessuchasflatpaneldisplays,electromcpapeL
andtouchpanels・Someofthereasonsmcludeitsresilience,ｌｉｇｌ]tnCssand厚eaterdesign
fipeedomallowingconvenientuseinportableandcollapsibleitems,Becauseplastichas
replacedalternateconstructionmaterialsmmanymdustliesmanyofitspropertiesare
desilablefiomfbodpackagmgtoflexibledeviceordisplay・
Nevertlleless,tllegastransmssionrateofplasticfilmissolligiltllattlleoxygeｎａｎｄ
ｗａｔｅｒｖaportllroughtllefilmwilldalnagethedevice・Gaspenneationpropertiesof
membranes,suchaspolymers,aretypicallycllaracterizedbyeitherthesteadystategas
penneationrateorthesteadystategaspenneability6Themeanperlneabilitythrouglla
materialistlmsthesteadystatefluxJnowingthrougd1themembranedividedbythe
pressuregradientacrosstlleｓｌａｈ
ｌｎｔｌｌｅｃａｓｅｏｆｔｈｉｎｆｉｌｍｃｏａｔｍｇsonpolymers，tllepcnneationpropertiesoftlle
colnpositestructuredcpendOnthepenneationpropertiesofbothtllecoatmgandthe
substrate・Intl1iscase,ａｓｗｉｌｌｂｅｓｅｅｎ,thetwotransportmechanismsresultmdiHerent
dependencesofthegastransmissionrateonthecoatingthickness:thepenneationrateis
mdCpendentoftllecoatmgtllicknessfbrmassflowtlⅡougl1defectsmthecoating，
fbllowedbydiffilsiontllroughthepolymer・TY1erefbre,fbrgoodbalriercoatingslnore
densｅｃｏnlpactfilmsdepositiontechniqueiseXpected
Inaddition，thelarge-areaopticalcoatmgsarealsobecomingnecessaryin
optoelectronicapplication.Ｍostopticalcoatingsareproducedbyaltematelystacking
tllinfihswitllhighandlowremctivemdexes・Ofalltllepossibleapplications，
antireflection(AR)coatingshavehadtllegreatestimpactontechnicaloptics,andeven
todaylmSheervolumeofproduction,theystillexceedallothertypesofcoatingln
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someapplications,ARcoatmgsaresimplyrequiredfbrtllereductionofreflection・In
otllers,notonlymustrcflectionbereduced,butthetransmittancelnustalsObemcreased・
HoweveMneofthelnostsignificantfeaturesofopticaltllinfilmsistllewayinwllich
tlleirpropertiesandbehaviordifIerBomtllOseofidenticalmaterialsinbulkfbnn
A1mostalways,theperfbnnanceoftllefilmispoortllantllatoftllecolTesponding
bulkmateriaLRe台activemdexisusuallyloweLalthough,veryoccasionallybfiDrsome
semiconductormaterialsitcanbeslightlyhigllerblossesgreateLdurabilitylessand
stabilityinfbrioⅢThedecreaseinrefractivemdexisprobablycausedbymcreased
porosityofthelayers・Ｔｈｅｐｏｒｏｓｉｔｙｏｆｆｉｌｍｇｒｏｗｔｌｌｉｓａｌｗａysgonealongwitllthe
colulnnarstmcture・Furtllennore，thecolumnarstructmCsincludmgvoidsaregeneral
characteristicsoｆｔｌｌｉｎｆｉｌｍｓａｎｄｗidelyobservedinmanypracticalcasesiiPomelectric
nucroscopymethod・
Thefbnnationmechanislnofcolmnnarstructuresdependsonthesubstrate
temperatureoffillndepositionpredon血ately・PaclKingdensityisafimctionofsubstlHte
temperature，usuallylbutnotalways，increasingwithsubstratetemperature・Filln
refractivemdex,tllerefbre,isalsoaEfectedbysubstratetemperature・Additionalanotller
lnicrostructureoftllinfilmsistheircrystalline・Tllisislesswellunderstoodbut
considerableprogresshasbeenmade・Mostthinfihsarecolnplicatednlixturesof
difIerentcrystallinephases,somebemghightemperaturemetastablestates､Howevelbln
general,lligherprocesstemperaturesproduceabetterfilmqualitylfwedCpositfilms
onflexibleplasticsubstrate,themaxilnumtelnperaturemustbekeptlowertllantheir
glasstransitiontelnpcratule,Ｔｇ,ｓｏastopreventinHexibleorglasslike
SeveralconventionalplasticsubstratessuchasPET(PolyetllyleneTerephthalate),theTg
isnomoretha、７０℃・HowevcLitisextremelydiBficulttoobtamsatisfhctoryfih
propertieswhentheglassorcrystalloidsmthesubstratearereplacedbyplastics・Ａｓｉｓ
ｗｅｌｌｋｎｏｗ§almostallplasticsubstratesarepolymencmaterialswhosetransition
temperaturesarenotsoeasilyprocessedlnadditiontotllis,generallyspeaking,l1igher
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processtemperatureshavetheadvantageofproducmgabetterfihqUalityThc
conventionalsputteringmetllodnolongersatisfiestllerequlrementsfbrlow
telnperaturesandhighqualityfihprCparation、Iherefbre，anewfIlmpreparation
teClmiqueisnecessary6
Intl1isresearCh，weaimtofillfI11thelowtemperaturereqUirementsaswellas
realizmgefficientsputteringbydesigningarepulsionmagneticfieldtllatisexistedm
tllesubstratebetweenthetworeciprocalcylmdricalmagletronSputtercathodes・Ihis
repillsionmagneticfieldhassuppressedheatmgfiomtheelectronradiationofsputtering
dischargeresultmgmlowsubstratetemperature・MoreoveLtllecylmdricalmagnetron
sputtercatllodeshavebeenusedtoenhancetheutilizationefficiencyoftargetmaterials
soastoachievethecostdownfbrfilmproduction・
Inaddition，tllCcylindricallnagnetronsputtercathodeshavecombinedwitlltwo
additionallna印etstllataresitedattwosideofthecathodetoproducetlleconvergence
plasmaaroundtlletargetsurfaceinlowvoltageandlligllcmTentsputtering
Furthennore,abipolarpulsepowersupplymethodhasalsobeenelnployedtoavoidtlle
arcingproblemininsulatortargetsputteringandthedetailsofprovmgitse舵ctiveness
mawidereactivesPutter､9.Inconsequence,aneXperimentalsputteringapparatuswas
fabricatedincludingaboveimprovedadvancetechniqUesinwhichwecalled
pulse-drivencylmdricalmagnetronsputtering
FigurelshowsaschematicdrawmgofoursyInmetricfacingsputtersourcesBotllof
twosputtersourcesareconnectedwitlMllebipolarpulsegeneratorsreSpectively6The
substrateholder､isindeedplacedattllecentralplanebetweenthetwofacingsputter
sourceswitlloutanyheatingsystem､ForthesetwofMngsputtersoulccs,thedistance
ofbothtllemostraisedpointsontlletargetsurfaceisqUalifie(ltobe70mmduetoithas
beenrecognizesto化､、血erCpulsiveehfect丘omtlle歯cmgmagneticfieldspreviously6
Aswellconsiderrealizmglargeareadeposition,themultiplesputtersourcesare
necessaIy6nlerefbre，aSputteringapparatuswhichisexpectedtopossesswith
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名や
nmlti-fimctionssuchashighefricient,lowsubstratetenlperatureandlargeunifbrm
depositionetc.，evenanoutstandingfimctionofthinfilmscanbedeposited
sinmltaneouslyatthedoublesideoftllesubstratehasalsopaidnluchattentionfbr
multifMousapplication、Aphotographoftllewllolesputteringapparatusanda
scllelnaticconfigurationoftllisapparatusopen-stateandwolk-stateconnectedwith
vacuum,powerandtheomlersystelnsorequipmentsarerCpresentedinFig2andFig､３
respectively、
Tlleheightofwlloleapparatusis3､２ｍ;andtlleplaceareaofabout4mZwllcrc
mcludmgwithoutautomaticcontrolsystenlisnecessary・Thebodyoftllisapparatusis
subdividedintotwolnainchambersthatarecxhaustingchamberandsputteringchamberB
AccordingtotheopenstateinFig3(a),aswecanseetllesputteringchambercontams
twosCparatestoppersasdesignfbrsubstrateandcalllodeholderreSpectively
Furthennore,thcrearetllreesetsofsymnletricfacingcylindricalmagnetronsPuttering
sourceswherearelocatedattlletopstoppersoastorealizemultilayerfillnsdeposition
Onanotherhand,thesubstrateholderhasbeendesigｎｅｄｔｏｂｅａｄｎⅡnortraythatcanbe
rotatedbyamotormacllinewithconstantrotatmgSpeed・Forlargeareacoating,alarge
substrateholder680nnindiameterand500nⅡninlengtllwasfb1bricatedwithoutany
heatingsystem・Besides,tlleslmttermaskisalsofixedtotllesubstrateholdeL
Inaddition,tlleexhaustingchamberiscomectedwithvacuumsystemandafbw
valves・Intllevacuulnsystem，ａｃｏｎⅡnelcialturbomolecularpump（Sumitomo
TMP-1303LM)isusedfbrlligllva(川Ⅱ､,wllilefbrlowvacuumaconⅡnercialdrypump
(OtsukaTDS-100P)hasbeenusedsincefbrpreventinganyoilormoisturebackflow6
Forpreciselylnodulatmgthechalnberpressure,tlleprimarygatevalve(VATDN-8)was
locatedattheinterftlccbetweentllctwochambers・
AsobservingtlleworkstateinFi9.3(b),whenaftercylindricaltargetorsubstrate
settmg，ｂｏｔｈofthesetwoseparatestoppermovetoclosesputteringchambeLTlms，
threesetsofsynnetricfacingcylindricalmagnetronsputtersourcesareconnectedwith
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、
tllebipolarpulsepowersupply6
Consequentlybabatchtypeofnovelmagnetronsputteringapparatuscombining
witllmostimprovingtechniqueshasbeenconmnendablydevelOpedtorealizelligdl
efficientandatlowsubstratetelnperaturetllinfilmdeposition，resultmginflexible
coating・AccordingtothedimensionandgeometxyoftllesubstrateholderbtlleCaPacity
oflargeareacoatingcanexteｎｄｔｏ５００ｎⅡｎｍｕｌｔｉｐｌｙｂｙ６８０ｎⅡnadeqUatelybEven,tllin
fIlmscanbesimultaneouslydepositedattl1edoublesideofsubstratethatcausesmore
interestmginvestigationinopticalcoatinglYms,mmostcasesofopticalcoatmgthat
alnlostconstructedwitllmultilayercoatmgssmcetheirOpticalinterferencecanobtain
halfreductionofconsulnmgtimemtlletmnfillnprocess・
Theoperationofsputteringdischargeofcurrent-voltage(1-V)characteristicshasbeen
demonstratedbyseveralmeasureInentlnethodsaswellastoacllievelowtemperature
andhiglltlⅡougllputfeaturesevenmdouble-sidedepositionaspOssible、
Furthennore，torealizetlleprogressmlowtemperatureandllightllrougllputfbr
flexiblecoatmgapplication,tlletransparemgasbarriercoatmgsUchassiliconoxideand
oxynitridefilmshavebeendepositedonPETsheet,moreove足tlleirgaspemleabilityof
watervaporandoxygentranslnittancerateｈａｖｅbeenmeasuredandrecognizedThus，
byonlychangingthereactivegases,siliconoxideandoxynitridefilmswereabletobe
preparedalternately6
Fmally§wehaveshowntlleexperimentsofopticalcoatmgincludmgopticalsinlulation
andmultilayerfilmdepositiononaPETsheet・Inbriefofourresultswecanconclude
thefbllowing：
1）AnewtypeofmagnetronSputteringcombinedwitllacylmdricaltalgethasbeen
developed
2）nlisSputteringtechmqueca､beappliedfbrflexibleplasticsubstrateproductiondue
toitslligMepositionrateandlowsubstratetemperature．
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3）StoichiometlicalSiO2andSiONUhi、filmscanbcproducedandtlleirexcellentgas
barrierpropertiesweredemonstrateｄｓｏａｓｔｏｐｒｏｔｅｃｔｔｈｅＰＥＴｓｈｅｅｔｆｉｏｍｗater
vapororoxygenencroaching．
ＡnewARcoatingssystemof41ayeredtllinfilmsbycolnbiningSiONwithSiO2was
succeededtoproduceonaflexiblePETsheetevenmtheWholeprocesstemperature
wassuppressedbelow70℃．
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学位論文審査結果の要旨
平成１８年１月３１曰に第１回学位論文審査委員会を開催し、提出された学位論文及び関係資料について
検討を行い、同２月２曰の口頭発表、第２回学位審査委員会において協議の結果、以下の通り判定した。
近年、広範な産業界に亘って多種多様な薄膜の利用が進んでいる。本論文は、こうしたニーズを受けて、
新規に開発した円筒形ターゲットを用いたスパッタリング技術により、大面積、高速・高スループット、低
温、低コストでの薄膜作製を目指したものである。
まず、従来のスパッタリング技術の到達点と限界、問題点を洗い出し、それにブレークスルーを与えうる
新技術として円箇形ターゲット構造を提案している｡この方式では､ターゲットを回転させることによりター
ゲット全面をスパッタできるため､利用効率100％を実現でき、本方式の最大の特長である。補助磁石を設
置することによりターゲット圧着磁界を形成し、スパッタ効率を上昇させる技術を確立している。次に、実
際にSiO2とＳｉＮ膜を『用いた反射防止膜とガスバリヤ膜を作製し、その詳細な評価を行っている。その結果、
420-780nｍの波長範囲に亘って１％以下の反射率および水蒸気透過率0.15ｃｃ/m2・ｄａｙ・ａ、、酸素透過率
1.0cc/m2・ｄａｙ・atmを実現している。このように本論文は実用化に向けて具体的な指針を示すなど、工学
上の貢献を認めることができ、博士（工学）の学位を授与するに相当の内容と判定される。
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